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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to an information
recording / reproducing apparatus for recording informa-
tion onto a recording medium or reading and reproducing
the information recorded on the recording medium, by
using a probe array having a plurality of probes, as well
as the recording medium used for such an information
recording / reproducing apparatus.

2. Description of the Related Art

[0002] In technical fields in which information, such as
video or an image, music, a text, and a program, is re-
corded on a recording medium, an improvement in the
recording density of the information is required. In order
to improve the recording density of the information, a
technique of realizing super-high-density recording and
reproducing of the information is being developed by ap-
plying a technique of Scanning Probe Microscopy (SPM).
[0003] For example, such thermomechanical record-
ing is known that the information is recorded by using a
cantilever, which has a nano-scaled sharp tip portion, to
form a small hole in a thin plastic film.

[0004] Moreover, such a technique is also known that
the information recorded on a ferroelectric thin film is re-
produced by using a technique of Scanning Nonlinear
Dielectric Microscopy (SNDM). In this technique, the in-
formation is recorded by locally applying an electric field,
which is stronger than the coercive electric field (coercive
force) of a ferroelectric substance, from a probe onto the
thin film, which is constructed from the ferroelectric sub-
stance, to thereby locally changing the polarization di-
rection of the ferroelectric substance. Then, the informa-
tion recorded in the ferroelectric thin film is read via the
probe and reproduced.

[0005] According to an information recording / repro-
ducing apparatus and a recording medium to which these
techniques are applied, it is possible to record the infor-
mation onto the recording medium, with the smallest unit
of the information (e.g. 1 bit data) as a small mark of
several tens nanometers. This allows the super-high-
density recording of the information beyond the limitation
of conventional magnetic recording or optical recording,
the reduction in size of the apparatus or recording medi-
um, and large capacity recording.

[0006] On the other hand, for the practical application
of the super-high-density recording and large capacity
recording of the information, it is required to read a large
amount of information recorded on the recording medium
at high speed. As a technique which allows the high-
speed reading of the information, such a technique has
been developed that a probe array or a cantilever array
in which many probes or many cantilevers are arranged

10

15

20

25

30

35

40

45

50

55

in an array shape is provided for a head of the information
recording / reproducing apparatus and that through this
prove array or the cantilever array, the information re-
corded on the recording medium is read at a time.
[0007] WO 00/36608 discloses a molecular memory
medium having a media surface and a platform with read/
write heads.

[0008] The platform and media are moved to allow one
of addition, removal and repositioning of atoms, elec-
trons, and charges on a surface of the media. The media
is in a material capable of storing data written to it, and
detectable using a vibrating tip sensor that resonates at
a free space value which is phase shifted when charges
oranomalies on a surface of the media are present. Other
methods of reading and writing to the media are present-
ed. The media may be enhanced by augmenting grain
boundaries of the media via the position and removal of
PMMA materials. Servo trenches and sync bits identify
positions of the read/write heads and maintain alignment
during memory operations.

[0009] EP 1 385 161 A2 discloses a storage device
and a method for scanning a storage medium. A storage
medium for storing data in the form of marks is scanned
by an array of probes for mark detecting purposes in a
scanning mode. The storage medium has fields with each
field to be scanned by an associated one of said probes.
At least one of said fields comprises marks representing
operational details for operating said scanning mode.
Scanning parameters are computed from said operation-
al data and scanning mode is adjusted according to said
computed parameters.

[0010] Kohyo (Japanese Unexamined Patent Publica-
tion) No. Hei 9-511863 discloses a memory apparatus
capable of reading the information recorded on the re-
cording medium at a time via the probe array. The mem-
ory apparatus is provided with the probe array in which
many probes are arranged in one body. On the other
hand, many memory fields (i.e. recording areas) are
formed on a surface of a memory medium (i.e. the re-
cording medium). Each probe is disposed to face respec-
tive one of the memory fields. There is a one-to-one cor-
respondence not only in position but also in function be-
tween individual probes and individual memory fields.
Namely, the individual probes have functions to scan the
individual memory fields, each of which corresponds to
respective one of the probes in position, to thereby record
or read the information. In the memory medium, the in-
dividual memory fields are arranged not to overlap each
other. Moreover, in order to clearly distinguish data in
each field, a certain distance is given between adjacent
fields (refer to FIG. 2 and FIG. 3 in the above-described
publication).

[0011] According to the memory apparatus, the posi-
tions of the probes in the respective memory fields can
be changed at a time by displacing the position of the
probe array with respect to the memory medium in par-
allel with the surface of the memory medium. This makes
it possible to scan many memory fields at a time via many
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probes and to read much information recorded on the
recording medium at high speed.

SUMMARY OF THE INVENTION

[0012] In the memory apparatus disclosed in the
above-described publication, one probe corresponds to
one recording area (i.e. one memory field), and each of
the probes scans respective one of the recording areas.
In order to realize such a function, it is enough if each
probe can scan only one recording area corresponding
to the probe. Therefore, it is enough if the scan range of
each probe covers an entire range of one recording area
corresponding to the probe, and usually, it is unneces-
sary to extend the scan range to another recording area.
[0013] However, if the scan range of each probe is
limited to the range of one recording area corresponding
to the probe, in the case where one or several probes of
the many probes arranged in the probe array deteriorate
or have trouble, it is not possible to properly scan the
recording areas corresponding to the probes that dete-
riorate or have trouble. This is because there is only one
probe which can scan the corresponding recording area,
so that if the probe comes to malfunction, that causes
the complete loss of a device for scanning the corre-
sponding recording area. This is disadvantageous.
[0014] On the other hand, in order to scan each re-
cording area by respective one of the probes to thereby
read the information recorded in each recording area, it
is necessary to displace the recording medium or the
probe array in parallel with a recording surface of the
recording medium, to thereby displace the respective one
of the probes in each recording area. In the memory ap-
paratus disclosed in the above-described publication,
each probe can be displaced in directions which are par-
allel to the recording surface and which are along two
axes that intersect at right angles (i.e. in a X direction
and a Y direction). In the memory apparatus, the probe
is displaced straight between one end portion (edge) and
the other portion (edge) of the recording area whose ex-
ternal shape is substantially square. For example, in
scanning the entire area of one recording area, the probe
reciprocates between the left edge and the right edge of
the recording area many times, while moving little by little
between the upper edge and the lower edge of the one
memory area.

[0015] In order to scan the recoding area by using the
probe, to thereby record and read the information, it is
desirable to stabilize the displacement speed of the probe
to a constant speed. Moreover, in order to make the probe
from a stop condition to a displacement condition at a
constant speed, it is necessary to make the probe move
a degree of distance to give momentum. Thus, if the
probe reciprocates between one end portion and the oth-
er end portion of the recording area, the areas near the
end portions in the memory area are substantially prep-
aration areas, and the reliable recording or reading of the
information in this area cannot be expected. Considering
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such circumstances, if the scan range of each probe is
limited to the range of one recording area corresponding
to the probe, substantially, an area in which the informa-
tion can be recorded or read is only the central portion
of the recording area. This decreases the recoding ca-
pacity of the information. This is disadvantageous.
[0016] Itis therefore a first object of the present inven-
tion to provide an information recording / reproducing ap-
paratus which can properly scan each recording area
even if one portion of probes arranged on a probe array
deteriorate or have trouble, as well as a recording medi-
um used for the information recording / reproducing ap-
paratus.

[0017] Itis a second object of the present invention to
provide an information recording / reproducing apparatus
which can realize the reliable recording or reading of the
information while displacing the probe at a stable speed,
as well as a recording medium used for the information
recording / reproducing apparatus.

[0018] The above objects of the present invention can
be achieved by an information recording / reproducing
apparatus with the feature of claim 1.

[0019] The nature, utility, and further features of this
invention will be more clearly apparent from the following
detailed description with reference to preferred embodi-
ments of the invention when read in conjunction with the
accompanying drawings briefly described below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

FIG. 1 is a perspective view showing a first embod-
iment of an information recording / reproducing ap-
paratus and a recording medium of the present in-
vention;

FIG. 2 is a side view showing one portion of the in-
formation recording / reproducing apparatus and the
recording medium shown in FIG. 1;

FIG. 3is a side view showing a modification example
of a probe array;

FIG. 4 is a plan view showing the first embodiment
of the recording medium of the present invention;
FIG. 5is a plan view showing a modification example
of a recording area;

FIG. 6 is an explanatory diagram showing scan rang-
es of probes in the first embodiment of the informa-
tion recording / reproducing apparatus of the present
invention;

FIG. 7 is an explanatory diagram showing another
specific example of the scan ranges of the probes in
the first embodiment of the information recording /
reproducing apparatus of the present invention;
FIG. 8 is an explanatory diagram showing another
specific example of the scan ranges of the probes in
the first embodiment of the information recording /
reproducing apparatus of the present invention;
FIG. 9 is an explanatory diagram showing another



5 EP 1 530 210 B1 6

specific example of the scan ranges of the probes in
the first embodiment of the information recording /
reproducing apparatus of the present invention;
FIG. 10 is a block diagram showing a specific exam-
ple of a scan control device in the first embodiment
of the information recording / reproducing apparatus
of the present invention;

FIG. 11 is a block diagram showing scan control in
the first embodiment of the information recording /
reproducing apparatus of the present invention;
FIG. 12 is a block diagram showing scan control in
the first embodiment of the information recording /
reproducing apparatus of the present invention;
FIG. 13is aplan view showing a second embodiment
of the recording medium of the present invention;
FIG. 14 is a block diagram showing a specific exam-
ple of the scan control device in the second embod-
iment of the information recording / reproducing ap-
paratus of the present invention;

FIG. 15 is a block diagram showing scan control in
the second embodiment of the information recording
/ reproducing apparatus of the present invention;
FIG. 16 is a block diagram showing scan control in
the second embodiment of the information recording
/ reproducing apparatus of the present invention;
FIG. 17 is a perspective view showing an example
of the information recording / reproducing apparatus
of the present invention;

FIG. 18 is a plan view showing an example of the
recording medium of the present invention;

FIG. 19 is an explanatory diagram showing scan
ranges in the example of the information recording
/ reproducing apparatus of the present invention;
FIG. 20is aflowchart showing a scan-range-change-
process in the example of the recording medium of
the present invention; and

FIG. 21 is an explanatory diagram showing a speed-
control-process in the example of the recording me-
dium of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0021] Embodiments of the present invention will be
hereinafter explained with reference to the drawings. In-
cidentally, the content of the drawings used for the ex-
planation of the embodiments of the present invention
embodies constitutional elements or the like of the
present invention only for the purpose of explaining tech-
nical ideas thereof. The shape, size, position, connection
relationship, and the like of each constitutional element
or the like are not limited to the content of the drawings.
More concrete examples to carry out the present inven-
tion will be disclosed in the section titled "Example".

(First Embodiment)

[0022] The first embodiment of the information record-
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ing / reproducing apparatus of the present invention will
be explained. FIG. 1 shows the first embodiment of the
information recording / reproducing apparatus of the
presentinvention. Aninformation recording/ reproducing
apparatus 10in FIG. 1 records information, such as video
or animage, music, a text, and a program, onto a record-
ing medium 20 or reads and reproduces the information
recorded on the recording medium 20. The information
recording / reproducing apparatus 10 can record a plu-
rality ofinformation (much information) onto the recording
medium 20 at a time or reading the plurality of information
recorded on the recording medium 20, by using a probe
array 11 having a plurality of probes 14. The information
recording / reproducing apparatus 10 can be used as a
memory apparatus or a recording / reproducing appara-
tus which is small, independent, and single as a whole.
The information recording / reproducing apparatus 10
can be also incorporated into various apparatuses, such
as a computer, an audio apparatus, a control apparatus
for automobiles and airplanes, a medical apparatus, and
a robot, and can be made function as a large-capacity
memory apparatus for these apparatuses.

[0023] The information recording / reproducing appa-
ratus 10 is provided with: the probe array 11; a displace-
ment mechanism 12; and a scan control device 13.
[0024] The probe array 11 has the plurality of probes
14 for scanning a plurality of recording areas 22 arranged
on a recording surface 21 of the recording medium 20,
in order to control the recording of the information, the
reading of the information, or the recording or reading of
the information. The information recording / reproducing
apparatus 10 canrecord or read the information ata time,
with respect to the recording medium 20, via the plurality
of probes 14. Incidentally, for convenience of explana-
tion, FIG. 1 shows a substrate 18 of the probe array 11
in a perspective or see-through manner.

[0025] FIG. 2 shows the information recording / repro-
ducing apparatus 10 shown in FIG. 1 along with the re-
cording medium 20, illustrated from the side. As shown
in FIG. 2, each probe 14 is a cantilever, provided with a
support portion 15; an arm 16; and a needle 17. The tip
side of the needle 17 extends to the recording surface
21 of the recording medium 20, and the basic or anchor
end side thereof is supported by the substrate 18 of the
probe array 11 via the arm 16 and the support portion
15. Incidentally, the structure or shape of the probe is not
limited to the cantilever. As in a probe array 30 (i.e. a
modification example of the probe array 11) shown in
FIG. 3, each probe 31 may be bar-shaped and may stand
on a substrate 32 of the probe array 30. Specifically, the
basic or anchor end side of each probe 31 is fixed on the
substrate 32, and the tip side is extended to the recording
surface 21 of the recording medium 20.

[0026] In FIG. 2, the diameter of the tip of the needle
17 of the probe 14 is desirably on the order of nanometer
or sub micron. By reducing the diameter of the tip of the
needle 17, itis possible to increase the recording density
of the information of the recording medium 20. The probe
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14 provided with such a small needle 17 can be formed
from high doped silicon or diamond, for example. More-
over, as the probe 14, itis also possible to use a cantilever
which is the same as a cantilever used for Atomic Force
Microscopy (AFM). Incidentally, the bar-shaped probe
31 as shown in FIG. 3 can be formed from a tungsten
needle or a carbon nanotube.

[0027] Incidentally, the following methods are known
as aninformation recording method: for example, a meth-
od of recording the information by opening a hole in a
polymer film with heat; a method of recording the infor-
mation by using a spontaneous polarization of a ferroe-
lectric substance; a method of recording the information
by using charge accumulation of a laminated material
constructed from a silicon oxide film and a silicon nitride
film or the like; a method of recording the information by
using a near-field optical technique, and the like. It is
possible to adopt any of the methods in the information
recording / reproducing apparatus 10. The following
methods are known as an information reproducing meth-
od: for example, a method which uses the technique of
the SNDM; a method which uses atechnique of Scanning
Maxwell-stress Microscopy; a method which uses a tech-
nique of Kelvin Force Microscopy; a method which uses
a technique of Scanning Capacitance Microscopy; and
a method which uses the near-field optical technique. It
is possible to adopt any of the methods in the information
recording / reproducing apparatus 10. Depending on
which method is adopted out of these recording methods
and reproducing methods, specific structures, shapes,
and materials of the probes 14 and 31 are determined in
some cases.

[0028] AsshowninFIG.1,there are twenty-five probes
14, arranged in a matrix of 5 X 5 on the substrate 18 of
the probe array 11. The probes 14 are disposed at a
constant distance apart from each other on the substrate
18. Namely, as shown in FIG. 1, if two directions which
mutually intersect at right angles in the recording surface
21 are an X direction and a Y direction, a distance be-
tween the needles 17 of two probes 14 which are mutually
adjacent in the X direction is Dx. Moreover, a distance
between the needles 17 of two probes 14 which are mu-
tually adjacent in the Y direction is Dy. Each probe 14 is
fixed on the substrate 18, and the position relationship
among the probes 14 on the substrate 18 does not
change.

[0029] Incidentally, the number of the probes is not lim-
ited. It may be two, a thousand, or ten thousands. The
increase in the number of the probes possibly increases
the reading speed of the information recorded on the re-
cording medium. The placement of the probes is not lim-
ited to the matrix shape, either. Forexample, several tens
of probes may be arranged in a line. However, as in the
information recording / reproducing apparatus 10, if the
probe array 11 is displaced in the X direction and in the
Y direction with respect to the recording medium 20, it is
convenient to arrange the probes in the matrix shape. If
so, it is possible to efficiently use the recording surface
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of the recording medium for the recording of the informa-
tion, to thereby increase the recording density of the in-
formation, for example. Moreover, in the example shown
inFIG. 1, the distance of the probes 14 which are mutually
adjacent in the X direction is Dx, and the distance of the
probes 14 which are mutually adjacent in the Y direction
is Dy. However, Dx and Dy may be mutually different
distances or may be the same distances.

[0030] FIG. 4 shows the recording medium 20, viewed
from the recording surface 21 side. As shown in FIG. 4,
the external shape of the recording medium 20 is quad-
rilateral. Incidentally, the external shape of the recoding
medium may have another shape. Moreover, the plurality
of recording areas 22 are disposed on the recording sur-
face 21 of the recording medium 20. The external shape
of each recording area 22 is also quadrilateral. Inciden-
tally, the external shape of each recording area may have
another shape.

[0031] Each recording area 22 is intended to record
the information therein. It is expected to record, mainly,
so-called content information, such as video, audio, a
text, and a program, onto the recording area 22. It is also
expected to record tracking information which allows the
tracking ( or tracing) of the information by the probe, ad-
dress information which allows the specification of the
information, position information which is used to recog-
nize the position of the probe on the recording surface,
or the like, onto the recording area 22. However, a user
of the information recording / reproducing apparatus 10
or the recording medium 20 can arbitrarily select what
type of information to record onto the recording area 22
(although there is a possibility that the user has to follow
the limitation of the standards). In the recording area 22,
the information to be recorded by a normal record oper-
ation, or the information to be read by a normal repro-
duction operation of the information recording / reproduc-
ing apparatus 10 is mainly recorded.

[0032] There are twenty five recording areas 22 on the
recording surface 21, arranged in a matrix of 5 X 5. The
recording areas 22 are disposed at a certain distance
apart from each other. The placement of the recording
areas 22 corresponds to the placement of the probes 14.
If the number and placement of the probes are different
from those shown in FIG. 1, in response to the fact, the
number and placement of the recording areas may be
changed.

[0033] In the example shown in FIG. 4, two recording
areas 22 which are mutually adjacent are apart from each
otheronthe recording surface 21. However, as in another
recording medium 40 shown in FIG. 5, two recording ar-
eas 42 which are mutually adjacent may be in contact
with each other.

[0034] The material of the recording medium 20 varies
depending on the information recording method or the
information reproducing method. For example, in the
case where the method of recording the information by
opening a hole in a polymer film with heat is adopted, a
recording layer constructed from a material which is de-
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formable with heat (e.g. PMMA or the like) is provided
for the recording medium. On the other hand, in the case
where the method of recording the information by using
a spontaneous polarization of a ferroelectric substance
is adopted, a recording layer constructed from a ferroe-
lectric material (e.g. Lithium tantalite: LiTaO3 or the like)
is provided for the recording medium 20.

[0035] Back to FIG. 1, the displacement mechanism
12 is a device for displacing the recording medium 20 in
parallel with the recording surface 21 of the recording
medium 20. For example, the displacement mechanism
12 is an X-Y stage which can displace the recording me-
dium 20 in the X direction and in the Y direction. The
displacement mechanism 12 is provided with an actuator
for X-direction displacement control and an actuator for
Y-direction displacement control. In order to realize the
super-high-density recording of the information and the
reduction in size, itis necessary to highly accurately con-
trol the displacement by the displacement mechanism
12.Inthisregard, the actuators are desirably formed from
a piezoelectric material, such as PZT. Incidentally, the
displacement mechanism 12 may be a mechanism which
displaces the probe array 11 or the recording medium 20
in parallel with the recording surface 21 of the recording
medium 20. Namely, in the example shown in FIG. 1, the
recording medium 20 is made movable with the probe
array 11 fixed. However, the probe array 11 may be made
movable with the recording medium 20 fixed.

[0036] The scan control device 13 defines the scan
range of each of the probes 14 and performs scan control
of the plurality of probes 14 in cooperation with the dis-
placement mechanism 12. The scan control device 13
can be realized by a semiconductor integrated circuit or
a computer provided with an operation processing circuit
and a memory circuit, for example.

[0037] Under the control of the scan control device 13,
each probe 14 scans the recording surface 21 in order
to record or read the information. The "scan" means to
record or read the information while the probe 14 is dis-
placed on the recording surface 21. The scan includes
not only the case where the content information is re-
corded or read while the probe 14 is displaced on the
recording surface 21, but also the case where control
information is read while the probe 14 is displaced on the
recording surface 21, to thereby perform tracking control,
position control, and displacement-speed control. In
reading pieces of information recorded mutually apart
from each other on the recording surface 21, a jump op-
eration is performed in some cases, but the jump oper-
ation is included in the scan. Moreover, the preparatory
movement to stable the displacement speed of the probe
14 with respect to the recording surface 21 is also includ-
ed in the scan. On the other hand, the displacement of
the probe 14 performed to remove the recording medium
20 from the information recording / reproducing appara-
tus 10 is unrelated to the recording or reading of the in-
formation, so that this is not the scan (incidentally, in the
information recording / reproducing apparatus which re-
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alizes the super-high-density recording, it is not easy to
make the recording medium detachable in terms of pre-
vention of position deviation or the like, but it is possible
at least theoretically). The scan control device 13 defines
a range of the "scan" of the probe 14 in such a sense,
and controls the "scan" of the probe 14.

[0038] The definition of the scan range of the probe 14
can be realized by storing computer data in which the
scan range is written, into a memory circuit of the scan
control device 13, and by executing the computer data
on an operation processing circuit of the scan control
device 13. Moreover, the definition of the scan range of
the probe 14 can be also realized by providing a mechan-
ical structure for limiting the (relative) displacement of
the probe 14.

[0039] FIG. 6 shows scan ranges of probes 14A and
14C defined by the scan control device 13. FIG. 6 shows
an enlarged portion of the information recording / repro-
ducing apparatus 10 and the recording medium 20. For
convenience of explanation, the shape of each probe is
abstractly shown. Namely, in FIG. 6, fifteen small trian-
gular marks individually indicate the needles 17 of the
probes 14. Out of the fifteen triangular marks, black tri-
angular marks individually indicate a needle 17A of the
probe 14A, and a needle 17C of the probe 14C. Inciden-
tally, specific reference numerals are given to the probes
14A, 14B, and 14C, merely for convenience of explana-
tion. They do not have different functions from the other
probes 14 as far as the technical ideas of the present
invention is concerned. Moreover, a thick dotted line in
FIG. 6 shows a scan range SA of the probe 14A and a
thick two-dot chain line shows a scan range SC of the
probe 14C. Incidentally, the "scan range of the probe" is
accurately expressed as a "scan range of the needle of
the probe".

[0040] As shown in FIG. 6, the size of the scan range
SA of the probe 14A is larger than that of one recording
area 22. More specifically, a length Sx in the X direction
of the scan range SA is at least twice as long as the
distance Dx between two probes 14 which are mutually
adjacent in the X direction. A length Sy in the Y direction
of the scan range SA is at least twice as long as the
distance Dy between two probes 14 which are mutually
adjacent in the Y direction. By this, the probe 14A can
scan not only a recording area 22A under the probe 14A
in FIG. 6, but also the other recording areas 22 in the
scan range SA. Specifically, the probe 14A can scan not
only the recording area 22A under the probe 14A, but
also partially scan the other eight recording areas 22 sur-
rounding the recording area 22A. On the other hand, the
size of the scan range SC of the probe 14C is the same
as that of the scan range SA of the probe 14A. By this,
the probe 14C can scan not only a recording area 22C
under the probe 14C in FIG. 6, but also the other record-
ing areas 22 in the scan range SC. Specifically, the probe
14C can scan not only the recording area 22C under the
probe 14C, but also partially scan the other eight record-
ing areas 22 surrounding the recording area 22C. As a
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result, a recording area 22B placed under the probe 14B
disposed between the probe 14A and the probe 14C can
be scanned not only by the probe 14B, but also by the
probe 14A and the probe 14C.

[0041] All the probes 14 including the probe 14A, the
probe 14B, and the probe 14C are fixed on the substrate
18 of the probe array 11, and their displacement with
respect to the recording surface 21 is integrally per-
formed. Therefore, the sizes of the scan ranges of the
probes 14, which are defined by the scan control device
13, are all the same. As a result, the scan ranges of two
probes 14 which are mutually adjacent are partially over-
lapped, so that it is possible to scan all the recording
areas 22 on the recording surface 21 by using two or
more probes 14.

[0042] Incidentally, in the example shown in FIG. 6,
the scan range is set such that one recording area 22 is
placed in the center of the scan range of each probe 14.
However, the position relationship between the scan
range and the recording area 22 is not limited to this
example. For example, as in another example shown in
FIG.7,the scanrange may be set such that fourrecording
areas 22 are included in the scan range of each probe
14. Specifically, a scan range SD may be set such that
four recording areas 22 are included in the scan rage SD
of a probe 14D. A scan range SE may be also set such
that four recording areas 22 are included in the scan
range SE of a probe 14E. As a result, it is possible to
scan two recording areas 22 located in the overlap range
of the scan range SD and the scan range SE, by using
the probe 14D and the probe 14E.

[0043] In both FIG. 6 and FIG. 7, the case where the
scan range of each probe has a size covering four re-
cording areas 22 is given as an example. However, the
present invention is not limited to this example. For ex-
ample, scanranges SF and SG as in another modification
example shown in FIG. 8 or scan ranges SH and Sl as
in another modification example shown in FIG, 9 are also
possible. Namely, it is enough if the scan range of each
of the probes is larger than each of the recording areas.
More desirably, it is enough if the scan range of each of
the probes is at least twice as long as a distance between
two probes which are mutually adjacent, in one direction
which is parallel to the recording surface of the recording
medium. As in FIG. 6 or FIG. 7, it is more desirable that
the scan range of each of the probes is two or more times
as long as the distance between two probes which are
mutually adjacent, in two directions which are parallel to
the recording surface of the recording medium. This is
because that increases the overlap portion of the scan
ranges of the probes, to thereby produce more effect of
the present invention described later.

[0044] Asdescribed above, the scan control device 13
defines the scan range such that the scan range of each
of the probes is larger than each of the recording areas,
and performs scan control such that each probe scans
the scan range.

[0045] FIG. 10 shows one example of a specific struc-
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ture of the scan control device 13 to realize the scan
control. As shown in FIG. 10, the scan control device 13
may be provided with: a first control device 41; and a
second control device 42. The first control device 41 per-
forms scan control such that one probe (a first probe)
included in the plurality of probes 14 scans one recording
area included in the plurality of recording areas 22. The
second control device 42 performs scan control such that
another probe (a second probe) which is included in the
plurality of probes 14 and which is located adjacent to
the first probe scans the one recording area. The first
control device 41 and the second control device 42 can
be realized by making computer data in which each scan
control is written, storing it into the memory circuit in the
scan control device 13, reading it as occasion demands,
and executing it on the operation processing circuit in the
scan control device 13.

[0046] FIG. 11 and FIG. 12 show one example of an
operation realized by the scan control of the scan control
device 13. FIG. 11 and FIG. 12 show an enlarged portion
in which the probes 14A, 14B, and 14C are disposed,
out of the probe array 11 and the recording medium 20
inFIG. 6. As showninFIG. 11, normally, under the control
of the first control device 41, the probe 14A scans the
recording area 22A located under the probe 14A, the
probe 14B scans the recording area 22B, and the probe
14C scans arecording area 22C. By this, the probes 14A
to 14C read the information recorded in the recording
areas 22A to 22C at a time, respectively (or record the
information). Incidentally, at the same time of this oper-
ation, under the control of the first control device 41, the
other probes 14 arranged in the probe array 11 also scan
therecording areas 22 located under the probes and read
the information recorded in the recording areas 22 (or
record the information).

[0047] Now, itis assumed that the probe 14B has trou-
ble. In this case, the second control device 42 operates,
and the displacement mechanism 12 displaces the re-
cording medium 20 more widely than usual under the
control of the second control device 42. Then, under the
control of the second control device 42, the probe 14A
scans the recording area 22B. By this, even if the probe
14B has trouble, it is possible to accurately read the in-
formation recorded in the recording area 22B by using
the probe 14A. Moreover, it is possible to accurately
record the information into the recording area 22B by
using the probe 14A.

[0048] On the other hand, the scan control device 13
may be constructed to perform scan control such that
one probe included in the plurality of probes 14 scans
two of the recording areas 22 which are mutually adja-
cent, without a break in time. According to this construc-
tion, for example, in FIG. 11, under the control of the scan
control device 13, the probe 14A can scan not only the
recording area 22A while reciprocating therein, but also
scan it continuously until reaching from the recording ar-
ea 22A to the recording area 22B. By this, it is possible
to continuously scan the recording area 22A and the re-
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cording area 22B by using one probe 14A, while main-
taining a constant displacement speed. Therefore, it is
possible to speed up the scan process. Moreover, it is
also possible to stabilize the displacement speed of the
probe 14A with respect to the recording medium 20 to a
constant speed on the basis of the control information
recorded in the recording area 22A, and then to scan the
recording area 22B by using the probe 14A. By this, it is
possible to certainly read the information recorded near
the end portion (i.e. the edge portion) in the recording
area 22B at a stable constant displacement speed. Al-
ternatively, it is possible to certainly record the informa-
tion into the end portion (i.e. the edge portion) in the re-
cording area 22B at a stable constant displacement
speed.

[0049] As described above, according to the informa-
tion recording / reproducing apparatus 10, the size of the
scan range of each of the probes 14 is increased as com-
pared to that of each of the recording areas 22, so that
all the recording areas 22 can be scanned by two or more
probes. This allows the accurate scan of each recording
area 22 even if one portion of the probes 14 arranged in
the probe array 11 deteriorates or has trouble. Moreover,
if the scan control device 13 is constructed to perform
the scan control such that one probe included in the plu-
rality of probes 14 scans two recording areas 22 which
are mutually adjacent, without a break in time, it is pos-
sible to realize the certain recording or reading of the
information even in the end portions in the recording ar-
eas 22, while the probes 14 are displaced at a stable
speed. This allows the certain recording and reading of
the information even near the end portion in each record-
ing area 22. Thus, it is possible to effectively use each
recording area 22 for the recording and reading of the
information (i.e. it is possible to record and pack the in-
formation into every corner of each recording area 22
and certainly read it), and it is possible to increase the
recording capacity of the information of the recording me-
dium 20.

[0050] Incidentally, a relationship between the size of
the scan range of each probe and that of each recording
area of the recording medium can be understood not only
from an approach to expand the size of the scan range
of each probe with respect to the prearranged size of
each recording area of the recording medium, but also
from an opposite approach to reduce the size of each
recording area of the recording medium with respect to
the prearranged size of the scan range of each probe.
For example, if the scan range of each probe is already
set and the scan range cannot be changed for various
reasons, the size of each of the recording areas to be
arranged on the recording surface of the recording me-
dium is formed to make it smaller than that of the scan
range which is set with respect to each of the probes,
and the recording areas are made reasonably close to
each other (e.g. the recording areas may be in contact
with each other, or there may be an appropriate distance
between the recoding areas). In this case, preferably,
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each size and the placement interval of two recording
areas which are mutually adjacent on the recording sur-
face of the recording medium, are set such that the two
recording areas are completely included in the scan
range which is set with respect to one probe (refer to FIG.
6 or FIG. 9). Moreover, out of the plurality of recording
areas on the recording surface of the recording medium,
each size and the placement intervals of a first recording
area, a second recording area adjacent to and on the
right side of the first recording area, a third recording area
adjacent to and on the lower side of the first recording
area, and a fourth recording area adjacent to and on the
lower side of the second recording area may be set such
that the four recording areas are included in the scan
range which is set with respect to one probe (refer to FIG.
6 and FIG. 7). The recording medium having such a con-
struction is also one of the embodiments in which the
technical ideas of the present invention are embodied.

(Second Embodiment)

[0051] The second embodiment of the information re-
cording / reproducing apparatus and the recording me-
dium of the present invention will be explained. Inciden-
tally, in the explanation of the second embodiment below,
the same constituent elements as those in the above-
described first embodiment carry the same reference nu-
merals, and their explanations will be omitted.

[0052] The information recording / reproducing appa-
ratus in the second embodiment of the present invention
can record a plurality of information (much information)
onto the recording medium at a time, by using the probe
array 11 having the plurality of probes 14, or read the
plurality of information (much information) recorded on
the recording medium at a time. The recording medium
in the second embodiment of the present invention is
used for the information recording / reproducing appara-
tus in the second embodiment of the present invention.
[0053] For convenience of explanation, at first, the re-
cording medium in the second embodiment of the present
invention will be explained. FIG. 13 shows the second
embodiment of the recording medium of the present in-
vention. As shown in FIG. 13, a plurality of first recording
areas 52 are arranged on a recording surface 51 of a
recording medium 50. Moreover, a second recording ar-
ea 53 is placed between two first recording areas 52
which are mutually adjacent. Furthermore, displacement
control information 54 for controlling the displacement of
the probe array 11 or the recording medium 50 is record-
ed in advance in each second recording area 53. Inci-
dentally, the external shape and material of the recording
medium 50, the external shape, the number, and ar-
rangement condition of the fist recording area 52, and
the type and properties of the information to be recorded
into the first recording area 52, or the like are the same
as those of the recording medium 20 in the first embod-
iment.

[0054] The displacement control information 54 is in-
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tended to control the relative displacement speed of the
probe array 11 with respect to the recording medium 50.
The displacement control information 54 is, for example,
pits, marks, or lines, which are arranged at predeter-
mined intervals in the second recording area 53. The
specific structures of the pits, marks, or lines vary de-
pending on the recording method, the reproducing meth-
od, or the material of the recording medium 50. For ex-
ample, in the case where the method of recording the
information by opening a hole in a polymer film with heat
is adopted, the pits, marks, or lines are holes or concave
portions formed by the deformation of the material which
forms a recording layer of the recording medium. On the
other hand, in the case where the method of recording
the information by using a spontaneous polarization of a
ferroelectric substance is adopted, the pits, marks, or
lines are constructed from the polarization direction of
the ferroelectric material which forms a recording layer
of the recording medium.

[0055] Incidentally, in the example shown in FIG. 13,
the second recording areas 53 are disposed in all the
free spaces among the first recording areas 52 which are
mutually adjacent on the recording surface 51. However,
the present invention is not limited to this example. For
example, the second recording areas 53 may be dis-
posed in several of the free spaces among the first re-
cording areas 52 which are mutually adjacent. Moreover,
the displacement control information 54 to be recorded
into the second recording area 53 is not limited to the
control information for controlling the relative displace-
ment speed of the probe array 11 with respect to the
recording medium 50. For example, the displacement
control information 54 may be another control informa-
tion, such as control information for controlling a position
relationship between the recording surface 51 and the
probe array 11.

[0056] Next, the information recording / reproducing
apparatus in the second embodiment of the present in-
vention will be explained. FIG. 14 shows a characteristic
part of the information recording / reproducing apparatus
in the second embodiment of the present invention. The
characteristic part in the second embodiment is a scan
control device 60. The other structures except this, i.e.
the structures of the probe array 11 and the displacement
mechanism 12, are the same as those in the information
recording / reproducing apparatus 10 (refer to FIG. 1).
[0057] The scan control device 60 defines the scan
range of each of the probes 14 and performs scan control
of the plurality of probes 14 in cooperation with the dis-
placement mechanism 12. The scan control device 60 is
provided with: a third control device 61; a fourth control
device 62; and a speed control device 63. The third con-
trol device 61 performs scan control such that one probe
included in the plurality of probes 14 scans the first re-
cording area 52 (or the first recording areas 52). The
fourth control device 62 performs scan control such that
the one probe scans the second recording area 53 (or
the second recording areas 53). The speed control de-
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vice 63 controls the displacement speed of the recording
medium 50 (i.e. the relative displacement speed of the
probes 14 with respect to the recording surface 51), on
the basis of the displacement control information 54 re-
corded in the second recording area 53 of the recording
medium 50.

[0058] FIG. 15 shows a scan range SJ of a probe 14J
(a needle 17J) defined by the scan control device 60. As
shown in FIG. 15, the size of the scan range SJ of the
probe 14J is larger than that of one first recording area
52. More specifically, the scan range SJ of the probe 14J
has a size capable of covering one first recording area
52 as a whole and four second recording areas 53 dis-
posed on the left side, right side, upper side, and lower
side of the one first recording area 52. Incidentally, the
size of the scan range of each of the other probes 14 is
the same as that of the scan range SJ.

[0059] FIG. 16 shows one example of an operation re-
alized by the scan control of the scan control device 60.
FIG. 16 shows an enlarged portion in which the probe
14J and an adjacent probe 14K are disposed, out of the
probe array 11 and the recording medium 50 in FIG. 15.
As shownin FIG. 16, atfirst, at the start of the scan, under
the control of the fourth control device 62, the probe 14J
(14K) scans for the displacement control information 54
recorded in the second recording area 53. Then, the
speed control device 63 controls the displacement speed
of the recording medium 50, on the basis of the displace-
ment control information 54 read via the probe 14J (14K).
This determines the relative displacement speed of the
probe array 11 with respect to the recording surface 51,
to thereby determine the relative displacement speed of
the probe 14J (14K). For example, as shown in FIG. 16,
the probe 14J (14K) stopped on the left side in the second
recording area 53 starts to move from this position to the
right, and increases its relative displacement speed to a
stable constant speed by the time it passes through the
second recording area 53. Incidentally, the speed control
process on the speed control device 63 can be realized
by Phase-Locked Loop (PLL) control or the like.

[0060] Then, from the second recoding area 53, the
probe 14J (14K) at a stable constant speed enters the
first recording area 52 which is next to the second re-
cording area 53. At this time, the third control device 61
starts to operate. Then, under the control of the third con-
trol device 61, the probe 14J (14K) scans the first record-
ing area 52, reads the information recorded in the first
recording area 52, or records the information into the first
recording area 52. Incidentally, at the same time of this,
under the control of the first control device 61, the other
probes 14 arranged in the probe array 11 scan the first
recording areas 52 located under the respective probes,
read the information recorded in the first recording areas
52, or record the information into the first recording areas
52.

[0061] As described above, according to the informa-
tion recording / reproducing apparatus and the recording
medium in the second embodiment, the second record-
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ing area 53 is disposed between two first recording areas
52 which are mutually adjacent on the recording surface
51 of the recording medium 50, the displacement control
information 54 is recorded in advance in the second re-
cording area 53, and the size of the scan range of one
probe 14 is larger than that of one recording area 52,
which enable the one probe 14 to scan both the second
recording areas 53 and the first recoding area 52. Thus,
it is possible to set the relative displacement speed of
each probe 14 by scanning for the displacement control
information 54 recorded in the second recording area 53.
Namely, itis possible to make the probe sufficiently move
to give momentum while each probe 14 is displaced on
the outer side of respective one of the first recording ar-
eas 52, anditis possible to increase the relative displace-
ment speed of each probe 14 with respect to the record-
ing surface 51, to a stable constant speed. By this, each
probe 14 can scan respective one of the first recording
areas 52 at a stable constant speed as soon as entering
the respective one of the first recording areas 52, which
allows the certain recording or reading of the information
with respect to the respective one of the first recording
areas 52. Therefore, it is possible to certainly record or
read the information from the end portion (edge portion)
in each first recording area 52, so that the entire area of
each first recording area 52 can be used for the recording
or reading of the information (i.e. it is possible to fully
record the information into every corner of each first re-
cording area 52 and certainly read it), and that it is pos-
sible to increase the recording capacity of the information
of the recording medium 50.

EXAMPLE

[0062] An example of the present invention will be ex-
plained hereinafter with reference to the drawings. In the
example below, the information recording / reproducing
apparatus and the recording medium of the present in-
vention are applied to an information recording / repro-
ducing apparatus and a recording medium which adopts
the thermomechanical recording method, and this is one
preferable example to carry out the present invention.
[0063] FIG. 17 shows aninformation recording/ repro-
ducing apparatus 100 which is an example of the present
invention. The information recording / reproducing appa-
ratus 100 in FIG. 17 is provided with: a probe array 110;
arecording medium 120; an X-Y-Z stage 130; arecording
/reproducing processing circuit 140; a scan control circuit
150; and an actuator drive circuit 160.

[0064] The probe array 110is provided with a substrate
111 and a plurality of probes 112. The substrate 111 is
formed from silicon compounds, glass, or metal, or the
like. The substrate 111 is disposed over a recording sur-
face 121 of the recording medium 120. Incidentally, for
convenience of explanation, FIG. 17 shows the substrate
111 in a perspective or see-through manner. However,
usually, the substrate 111 is not transparent, although it
may be transparent in some cases depending on the
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choice of its material.

[0065] Each probe 112 is formed from high doped sil-
icon. Each probe 112 is provided with an arm and a nee-
dle. The arm is elastic and can be bent. The base or
anchor side of the arm is supported on the substrate 111,
and the needle is provided on the tip of the arm. The
diameter of the needle tip is several to several tens na-
nometers. Moreover, there is a piezoelectric element for
detecting the bend of the arm, provided on the surface
of the arm. The total number of the probes 112 is 25, and
the probes 112 are arranged in a matrix of 5 X 5. A dis-
tance between two probes 112 which are mutually adja-
cent in the X direction is constant. Moreover, a distance
between two probes 112 which are mutually adjacent in
the Y direction is constant.

[0066] The external shape of the recording medium
120 is quadrilateral and plate-like. The recording medium
120 is provided with: a first polymer layer 122; a second
polymer layer 123; and a silicon substrate 124. The first
polymer layer 122 is intended to record the information
therein, and has the recording surface 121 onits surface.
The first polymer layer 122 is formed on the second pol-
ymer layer 123 which is on a silicon substrate 124. The
material of the first polymer layer 122 is PMMA
(polymethylmethacrylate), for example. The second pol-
ymer layer 123 is intended to prevent abrasion at the
needle tip generated by the collision of the needle and
the recording medium 120. The material of the second
polymer layer 123 is closslinked photoresist, forexample.
The silicon substrate 124 is formed from a silicon material
which is excellent in heat conductivity and heat radiation
or release. The silicon substrate 124 supports the first
polymer layer 122 and the second polymer layer 123,
and has a function to promote the radiation of heat in
recording.

[0067] FIG. 18 shows the recording surface 121 of the
recording medium 120. As shown in FIG. 18, there are
twenty five first recording areas 125 formed on the re-
cording surface 121 of the recording medium 120. The
first recording areas 125 are arranged in a matrix of 5 X
5. Onefirst recording area 125 corresponds to one probe
112 in position. Each of the first recording areas 125 is
intended to record therein the so-called content informa-
tion, such as video, audio, a text, and a program, the
tracking information, the address information, and the
position information, or the like.

[0068] On therecording surface 121, a second record-
ing area 126 is formed between two first recording areas
125 which are mutually adjacent in the X direction. More-
over, the second recording area 126 is also formed be-
tween two first recording areas 125 which are mutually
adjacent in the Y direction. Furthermore, displacement
control information 127 is recorded in advance in each
of the second recording areas 126. The displacement
control information 127 is intended to control the relative
displacement speed of the probe array 110 with respect
to the recording medium 120 (incidentally, it is the re-
cording medium 120 that is actually displaced). Inciden-
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tally, the tracking information or the position information
may be recorded in the second recording area 126.
[0069] BacktoFIG. 17, the X-Y-Z stage 130 displaces
the recording medium 120 mounted thereon, in the X
direction and in the Y direction, which are parallel to the
recording surface 121, and in the Z direction, which is
perpendicular to the recording surface 121. There are
actuators 131 and 132 for displacing the recording me-
dium 120 in the X direction, in the Y direction, and in the
Z direction, or the like, mounted on the X-Y-Z stage 130.
The actuators are formed from a piezoelectric material,
such as PZT, for example.

[0070] The recording / reproducing processing circuit
140 is provided with an operation processing circuit and
a memory circuit, or the like. The recording / reproducing
processing circuit 140 is electrically connected to each
of the probes 112 via multiplexers 141 and 142. In re-
cording the information, the recording / reproducing
processing circuit 140 supplies an electric signal corre-
sponding to the information to be recorded onto the re-
cording medium 120, to each probe 112. Moreover, in
recording the information, the recording / reproducing
processing circuit 140 supplies information which indi-
cates a position at which the information is to be recorded
(hereinafter referred to as "record-position-information"),
to the scan control circuit 150. On the other hand, in re-
producing the information, the recording / reproducing
processing circuit 140 receives the information read by
each probe 112 (a detection signal) and performs an in-
formation reproduction operation. Moreover, in reproduc-
ing the information, the recording / reproducing process-
ing circuit 140 supplies information which indicates a po-
sition at which the information is to be read (hereinafter
referred to as "read-position-information"), to the scan
control circuit 150.

[0071] The scan control circuit 150 is provided with an
operation processing circuit and a memory circuit, or the
like. The scan control circuit 150 is electrically connected
to each of the probes 112 via the multiplexers 141 and
142. The scan control circuit 150 performs scan control
of the probes 112 in cooperation with the recording / re-
producing processing circuit 140, the actuator drive cir-
cuit 160, and the X-Y-Z stage 130. Specifically, in record-
ing the information, the scan control circuit 150 obtains
the record-position-information from the recording / re-
producing processing circuit 140, detects information
which indicates a current position of each probe 112 on
the recording surface 121 (hereinafter referred to as
"probe position information™) via each probe 112, and
determines the displacement direction and displacement
distance of the recording medium 120 on the basis of
these information. Then, the scan control circuit 150 out-
puts a drive command to the actuator drive circuit 160
so as to displace the recording medium 120 in the deter-
mined displacement direction, only by the determined
displacementdistance. On the other hand, in reproducing
the information, the scan control circuit 150 obtains the
read-position-information from the recording / reproduc-
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ing processing circuit 140, detects the probe position in-
formation via each probe 112, and determines the dis-
placement direction and displacement distance of the re-
cording medium 120 on the basis of these information.
Then, the scan control circuit 150 outputs a drive com-
mand to the actuator drive circuit 160 so as to displace
the recording medium 120 in the determined displace-
ment direction, only by the determined displacement dis-
tance. Moreover, the scan control circuit 150 has a func-
tion of defying two types of scan ranges for each probe
112, afunction of performing a scan-range-change-proc-
ess, and a function of performing a speed-control-proc-
ess. These functions will be described later.

[0072] The actuator drive circuit 160 drives the actua-
tors 131 and 132 of the X-Y-Z stage 130 or the like, in
accordance with the drive command outputted from the
scan control circuit 150, to thereby displace the recording
medium 120 in the X direction and in the Y direction. The
actuator drive circuit 160 can also displace the recording
medium 120 in the Z direction. For example, at the start
of recording or reproducing the information, the actuator
drive circuit 160 controls a not-illustrated actuator of the
X-Y-Z stage 130, to thereby displace the recording me-
dium 120 in the Z direction and contact the needle tip of
each probe 112 with the recording surface 121 of the
recording medium 120.

[0073] The information record operation of the infor-
mation recording / reproducing apparatus 100 is as fol-
lows. At first, the actuator drive circuit 160 displaces the
recording medium 120 in the X direction and in the Y
direction, to thereby displace the probes 112 to record-
start-positions. Then, the actuator drive circuit 160 dis-
places the recording medium 120 in the Z direction to
contact the needle tip of each probe 112 with the record-
ing surface 121 of the recording medium 120. At this time,
the needle of each probe 112 is pushed by the recording
surface 121, and a force is applied to the tip portion of
the arm of each probe 112 via the needle. Thus, the arm
becomes in a slightly bend condition. Then, the recording
/ reproducing processing circuit 140 applies an electric
signal corresponding to the information to be recorded,
to each probe 112. The application of the electric signal
gives heat of approximately 400 degree C, for example,
to the needle of each probe 112, to thereby soften the
first polymer layer 122 under the needle. Then, by the
elastic force of the needle, the needle tip goes into the
first polymer layer 122, to thereby form a pit (a hole or a
concave portion) in the first polymer layer 122. Then, with
the displacement of the recording medium 120 in the X
direction and in the Y direction, the record operation as
described is repeated, and the information to be recorded
is recorded into the first polymer layer 122. The scan
control circuit 150 controls overall combination of such a
record operation and the displacement of the recording
medium 120, i.e. the "scan", on the basis of the record-
position-information and the probe position information.
Incidentally, in the record operation, out of the twenty five
probes 112, one or several probes 112 are not used to
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record the information, but to read the tracking informa-
tion or the position information recorded on the recording
medium 121, to thereby supply this information to the
scan control circuit 150. The scan control circuit 150 ob-
tains the probe position information on the basis of the
supplied information.

[0074] Onthe other hand, the information reproduction
operation of the information recording / reproducing ap-
paratus 100 is as follows. At first, the actuator drive circuit
160 displaces the recording medium 120 in the X direc-
tion and in the Y direction, to thereby displace the probes
112 to read-start-positions. Then, the actuator drive cir-
cuit 160 displaces the recording medium 120 in the Z
direction to contact the needle tip of each probe 112 with
the recording surface 121 of the recording medium 120.
At this time, the needle of each probe 112 is pushed by
the recording surface 121, and the arm becomes in a
slightly bent condition. Then, the actuator drive circuit
160 displaces the recording medium 120 in the X direc-
tion and in the Y direction. If the probe 112 is displaced
onto the pit by the displacement of the recording medium
120 in the X direction and in the Y direction, the needle
of the probe 112 goes into the pit. As a result, the extent
of the bend deformation of the arm becomes mild. The
change in the bend of the arm is detected by a piezoe-
lectric element as a detection signal, and the detection
signal is supplied to the recording / reproducing process-
ing circuit 140 and the scan control circuit 150. Then, the
recording / reproducing processing circuit 140 extracts
the content information from the detection signal and re-
produces it. At the same time, the scan control circuit 150
extracts the probe position information from the detection
signal. Then, the scan control circuit 150 drive-controls
the actuator drive circuit 160, on the basis of the probe
position information and the read-position-information
obtained from the recording / reproducing processing cir-
cuit 140, to thereby displace the recording medium 120.
Namely, in reproducing the information, the scan control
circuit 150 performs the "scan" control in this manner.
[0075] The scan control circuit 150 defines two types
of scan ranges for each probe 112. In recording or re-
producing the information, each probe 112 performs the
scan in any one of the two types of scan ranges.
[0076] FIG. 19 shows two types of scan ranges SR1
and SR2 defined with respect to one probe 112A out of
the twenty five probes 112. The size of the scan range
SR1is large enough to cover one first recording area 125
and four second recording areas 126 surrounding the
one first recording area 125 (refer to a thick dotted line
in FIG. 19). On the other hand, the size of the scan range
SR2 is large enough to cover four first recording areas
125 and twelve second recording areas 126 surrounding
and placed among the four first recording area 125 (refer
to a thick two-dot chain line in FIG. 19). The scan ranges
having the two types of sizes are defined with respect to
all the probes 112, in addition to the probe 112A. The
two scanranges are changed by the scan-range-change-
process performed by the scan control circuit 150.
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[0077] FIG. 20 shows the scan-range-change-process
by the scan control circuit 150. For example, at the start
of recording or reading the information, the scan control
circuit 150 performs fault diagnosis for each probe 112
(step S1). If all the probes 112 are normal (the step S1:
YES), the scan control circuit 150 performs the scan con-
trol such that each probe 112 scans the scan range SR1.
On the other hand, if any of the probes 112 has trouble
(the step S1: NO), the scan control circuit 150 performs
the scan control such that each probe 112 scans the scan
range SR2 (step S3).

[0078] By such a scan-range-change-process, the fol-
lowing operation can be realized. For example, in FIG.
19, ifallthe probes 112 are normal, each probe 112 scans
one recording area 125 corresponding to the probe itself,
such as that the probe 112A scans a recording area
125A, and that a probe 112B scans a recording area
125B. On the other hand, for example, if the probe 112B
has trouble, the probe 112A disposed next to the probe
112B scans not only the recording area 125A, but also
the recording area 125B to be scanned by the probe
112B.

[0079] Bythis, evenifa probe has trouble, itis possible
to accurately scan a recording area corresponding to the
probe in failure, by using another probe. Therefore, even
if there is an initial failure in a probe which is one portion
of the probe array, it is possible to prevent the fact from
appearing as the defect of the information recording /
reproducing apparatus 100. In practical, it is possible to
increase the yield of the probe array. Moreover, even if
one portion of the probe array deteriorates and has trou-
ble by its use, it is possible to prevent the fact from ap-
pearing as the failure or trouble of the information record-
ing / reproducing apparatus 100, and it is possible to in-
crease the durability of the information recording / repro-
ducing apparatus 100.

[0080] FIG. 21 shows the speed-control-process by
the scan control circuit 150. As described above, the sec-
ond recording area 126 is formed between two first re-
cording areas 125 which are mutually adjacent on the
recording surface 121, and the displacement control in-
formation 127 is recorded in advance in each of the sec-
ond recording areas 126. The displacement control in-
formation 127 is intended to control the relative displace-
ment speed of the probe array 110 with respect to the
recording medium 120. In recording or reproducing the
information, the scan control circuit 150 performs the
speed-control-process as described below, by using the
displacement control information 127.

[0081] For example, as shown in FIG. 21, at the start
ofrecording or reproducing the information, the scan con-
trol circuit 150 displaces each probe 112 to one end por-
tion (a position P0) of each second recording area 126
and stops it once. Then, the scan control circuit 150 dis-
places each probe 112 from the one end portion (the
position PO) to the other end portion (a position P1) of
the each second recording area 126. While each probe
112 is displaced in the each second recording area 126,
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the scan control circuit 150 increases the displacement
speed of each probe 112to aconstant speed Vc. Namely,
an interval PO-P1 is a preparation section for each probe
112. The speed control of each probe 112 in the interval
PO-P1 is performed by the scan control circuit 150 de-
tecting (i.e. reading), via each probe 112, the displace-
ment control information 127 recorded in each second
recording area 126. Incidentally, with respect to the read-
ing of the displacement control information 127, it is un-
necessary to use all the probes 112, and it is enough to
use one or several probes 112. Then, the scan control
circuit 150 makes each probe 112 get into each first re-
coding area 125 next to the each second recording area
126, while maintaining the constant speed Vc of the dis-
placement speed of each probe 112. Atthe moment each
probe 112 enters each first recording area 125, the re-
cording and reading of the information is started with re-
spect to each first recording area 125. The constant
speed Vc is suitable to record the information into each
first recording area 125 by using each probe 112, or to
read the information recorded in each first recording area
125 by using each probe 112. Incidentally, if an appro-
priate speed to record the information is different from
thattoread the recorded information, two types of speeds
which are set in advance may be selected, in recording
and reading the information.

[0082] As described above, at a stage before each
probe 112 enters each first recording area 125, the dis-
placement speed of each probe 112 is increased to the
constant speed Vc, so that it is possible to scan each first
recoding area 125 from the end portion (i.e. the edge
portion) at a stable speed. Therefore, it is possible to
certainly record the information from the edge portion of
eachfirstrecording area 125, anditis possible to certainly
read the information recorded near the end portion of
each first recording area 125. As a result, it is possible
to fully record the information from the central portion to
the end portion of each firstrecording area 125, to thereby
increase the recording capacity of the recording medium
120.

[0083] Incidentally, the displacement control informa-
tion 127 can be detected or read without any problem
even if each probe 112 is in preparatory motion. This is
because the displacement control information 127 is low-
er-density, low-degree information, as compared to the
normal content information. Namely, the speed control
of each probe 112 can be realized as long as there is the
lower-density, low-degree information (e.g. a pit row hav-
ing pit intervals larger than those of the normal content
information, or a pit row in which pits are merely and
simply arranged at constant intervals) on the recording
medium. The above explanation seems as if each probe
112 itself were displaced, but in fact, the displacement
of each probe 112 is relative motion, realized by the dis-
placement of the recording medium 120. The above-de-
scribed speed-control-process can be realized even by
adopting such a construction that an actuator is provided
for the probe array to make it movable, and the construc-
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tion as described above can be also considered to be
one aspect of the present invention.

Claims

1. An information recording / reproducing apparatus
(10, 100),
said information recording / reproducing apparatus
(10, 100) comprising:

a recording medium (20, 50, 120); and

a probe array (11, 30, 111) having a plurality of
probes (14, 31, 112) for scanning a recording
surface (21, 51, 121) of said recording medium
(20, 50, 120) in order to control recording of in-
formation, reading of the information, and the
recording and reading of the information,

said recording medium (20, 50, 120) comprising:

first recording areas (22, 52, 125) arranged on
a recording surface (21, 51, 121); and

second recording areas (53, 126) disposed in
the free space between two of the first recording
areas which are mutually adjacent on the record-
ing surface (21, 51, 121), said second recording
areas having displacement control information
recorded therein,

each of the first recording areas (22, 52, 125)
corresponds to at least one probe (14, 31, 112)
of the probe array (11, 30, 111),

said information recording / reproducing apparatus
(10, 100) further comprises:

a displacement mechanism (12, 130) for dis-
placing said probe array (11, 30, 111) or said
recording medium (20, 50, 120) in parallel with
the recording surface (21, 51, 121); and

a scan control device (13, 60, 150) for defining
a scan range of each of the plurality of probes
(14, 31, 112) and performing scan control of the
plurality of probes (14, 31, 112) in cooperation
with said displacement mechanism (12, 130),
the scan range of each of the plurality of probes
(14, 31, 112) is larger than the size of the first
recordingareas (22, 52, 125), so thateach probe
(14, 31, 112) can scan at least both one first
recording area of the first recording areas (22,
52, 125) and one second recording area (53,
126) which is adjacent to the one first recording
area, and

the scan range of each of the plurality of probes
(14, 31, 112) is at least twice as long as a dis-
tance between two probes which are mutually
adjacent, in one direction which is parallel to the
recording surface (21, 51, 121).
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2. The information recording / reproducing apparatus

(10) according to claim 1, characterized in that said
scan control device (13) comprises:

a first control device (41) for performing scan
control such that a first probe (14A) included in
the plurality of probes (14) scans the one first
recording area (22A) included in the first record-
ing areas (22); and

a second control device (42) for performing scan
control such that a second probe (14B) which is
included in the plurality of probes (14) and which
is located adjacent to the first probe (14A) scans
the one first recording area (22A).

3. The information recording / reproducing apparatus

(10) according to claim 2, characterized in that
said scan control device (60) comprises:

a third control device (61) for performing scan
control such that one probe included in the plu-
rality of probes (14, 31) scans the first recording
area (22, 52); and

a fourth control device (62) for performing scan
control such that the one probe scans the dis-
placement control information.

The information recording / reproducing apparatus
(10) according to claim 3, characterized in that said
information recording / reproducing apparatus (10)
further comprises a speed control device (63) for
controlling a displacement speed of said probe array
(11, 30) or said recording medium (20, 50) on the
basis of the displacement control information read
by the scan control by the fourth control device (62).

The information recording / reproducing apparatus
(10, 100) according to claim characterized in that
said scan control device (13, 60, 150) performs scan
control such that one probe included in the plurality
of probes (14, 31, 112) scans two of the first record-
ing areas (22, 52, 125) which are mutually adjacent,
without a break in time.

The information recording / reproducing apparatus
(10, 100) according to any one of claims 1 to 5, char-
acterized in that

an external shape of each of the first recording areas
(22, 52, 125) is quadrilateral, and

said displacement mechanism (12, 130) displaces
said probe array (11, 30, 111) or said recording me-
dium (20, 50, 120) in two directions which substan-
tially intersect at right angles in the recording surface
(21, 51, 121).
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Patentanspriiche

Informationsaufzeichnungs-/wiedergabegerat (10,
100), wobei das Informationsaufzeichnungs-/wie-
dergabegerat (10, 100), folgendes umfasst:

ein Aufzeichnungsmedium (20, 50, 120) und
eine Fuhleranordnung (11, 30, 111) mit einer
Vielzahl von Fuhlern (14,31, 112) zum Abtasten
einer Aufzeichnungsoberflache (21, 51, 121)
des Aufzeichnungsmediums (20, 50, 120), um
ein Aufzeichnen von Informationen, ein Lesen
der Informationen und ein Aufzeichnen und Le-
sen der Informationen zu steuern,

wobei das Aufzeichnungsmedium (20, 50, 120) fol-
gendes umfasst:

erste Aufzeichnungsbereiche (22, 52, 125), die
aufeiner Aufzeichnungsoberflache (21,51, 121)
angeordnet sind, und

zweite Aufzeichnungsbereiche (53, 126), die in
dem Freiraum zwischen zweien der ersten Auf-
zeichnungsbereiche vorgesehen sind, die sich
einander benachbart auf der Aufzeichnungs-
oberflache (21, 51, 121) befinden, wobei in den
zweiten Aufzeichnungsbereichen Verschie-
bungssteuerinformationen aufgezeichnet sind,
jeder der ersten Aufzeichnungsbereiche (22, 52,
125) mindestens einem der Fihler (14, 31, 112)
der Fihleranordnung (11,30, 111) entspricht,
und

das Informationsaufzeichnungs-/wiedergabegerat
(10, 100) ferner folgendes umfasst:

eine Verschiebeeinrichtung (12, 130), um die
Fahleranordnung (11, 30, 111) oder das Auf-
zeichnungsmedium (20, 50, 120) parallel zur
Aufzeichnungsoberflache (21, 51, 121) zu ver-
schieben, und

eine Abtaststeuervorrichtung (13, 60, 150) zum
Bestimmen eines Abtastbereichs von jedemvon
der Vielzahl der Fihler (14, 31, 112) und Durch-
fihren einer Abtaststeuerung der Vielzahl der
Fihler (14, 31, 112) im Zusammenwirken mit
der Verschiebeeinrichtung (12, 130), wobei
der Abtastbereich von jedem der Vielzahl der
Fahler (14, 31, 112) groRer als das Ausmald der
ersten Aufzeichnungsbereiche (22, 52, 125) ist,
so dass jeder Fuhler (14, 31, 112) mindestens
sowohl einen ersten Aufzeichnungsbereich der
ersten Aufzeichnungsbereiche (22, 52, 125) als
auch einen zweiten Aufzeichnungsbereich der
zweiten Aufzeichnungsbereiche (53, 126) abta-
sten kann, der dem einen ersten Aufzeich-
nungsbereich benachbart ist, und

der Abtastbereich von jedem der Vielzahl der
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Fihler (14, 31, 112) in einer parallel zu der Auf-
zeichnungsoberflache (21, 51, 121) verlaufen-
den Richtung mindestens zweimal so lang ist
wie eine Entfernung zwischen zwei einander be-
nachbarten Fuhlern.

Informationsaufzeichnungs-/wiedergabegerat (10)
nach Anspruch 1, dadurch gekennzeichnet, dass
die Abtaststeuervorrichtung (13) folgendes umfasst:

eine erste Steuervorrichtung (41) zum Durch-
fuhren einer Abtaststeuerung, so dass ein erster
Fihler (14A), der in der Vielzahl der Fiihler (14)
enthalten ist, den einen ersten Aufzeichnungs-
bereich (22A) abtastet, der in der Vielzahl der
ersten Aufzeichnungsbereiche (22) enthalten
ist, und

eine zweite Steuervorrichtung (42) zum Durch-
fuhren einer Abtaststeuerung, so dass ein zwei-
ter Fihler (14B), der in der Vielzahl der Fihler
(14) enthalten ist und der angrenzend an den
ersten Fihler (14A) angeordnet ist, den einen
ersten Aufzeichnungsbereich (22A) abtastet.

Informationsaufzeichnungs-/wiedergabegerat (10)
nach Anspruch 2, dadurch gekennzeichnet, dass
die Abtaststeuervorrichtung (60) folgendes umfasst:

eine dritte Steuervorrichtung (61) zum Durch-
fuhren einer Abtaststeuerung, so dass einin der
Vielzahl der Fuhler (14, 31) enthaltener Fihler
den ersten Aufzeichnungsbereich (22, 52) ab-
tastet, und

eine vierte Steuervorrichtung (62) zum Durch-
fuhren einer Abtaststeuerung, so dass der eine
Fuhler die Verschiebesteuerungsinformationen
abtastet.

Informationsaufzeichnungs-/wiedergabegerat (10)
nach Anspruch 3, dadurch gekennzeichnet, dass
das Informationsaufzeichnungs-/wiedergabegerat
(10) ferner eine Geschwindigkeitssteuervorrichtung
(63) umfasst, um eine Verschiebegeschwindigkeit
der Fihleranordnung (11, 30) oder des Aufzeich-
nungsmediums (20, 50) auf der Basis der Verschie-
besteuerinformation zu steuern, die durch die Ab-
taststeuerung mittels der vierten Steuervorrichtung
(62) ausgelesen wird.

Informationsaufzeichnungs-/wiedergabegerat (10,
100) nach Anspruch 1, dadurch gekennzeichnet,
dass die Abtaststeuervorrichtung (13, 60, 150) eine
Abtaststeuerung so durchfiihrt, dass ein Fihler, der
in der Vielzahl der Fuhler (14,31,112) enthalten ist,
ohne zeitliche Unterbrechung zwei der ersten Auf-
zeichnungsbereiche (22, 52, 125) abtastet, die ein-
ander benachbart sind.
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Informationsaufzeichnungs-/wiedergabegerat (10,
100) nach einem der Anspriiche 1 bis 5, dadurch
gekennzeichnet, dass

eine auliere Form jedes der ersten Aufzeich-
nungsbereiche (22, 52, 125) viereckig ist, und
die Verschiebeeinrichtung (12, 130) die Fihler-
anordnung (11, 30, 111) oder das Aufzeich-
nungsmedium (20, 50, 120) in zwei Richtungen
verschiebt, die sich im Wesentlichen im rechten
Winkel auf der Aufzeichnungsoberflache (21,
51, 121) schneiden.

Revendications

Appareil d’enregistrement / de reproduction d’infor-
mations (10, 100), ledit appareil d’enregistrement /
de reproduction d’informations (10, 100)
comprenant :

- un support d’enregistrement (20, 50, 120) ; et
- un réseau de sonde (11, 30, 111) ayant une
multitude de sondes (14, 31, 112) destinées a
balayer une surface d’enregistrement (21, 51,
121) dudit support d’enregistrement (20, 50,
120) de maniere a commander I'enregistrement
des informations, la lecture des informations, et
I'enregistrement et la lecture des informations,

ledit support d’enregistrement
comprenant :

(20, 50, 120)

- des premiéres zones d’enregistrement (22, 52,
125) disposées sur une surface d’enregistre-
ment (21, 51, 121) ; et

- des secondes zones d’enregistrement (53,
126) disposées dans I'espace libre entre deux
des premiéres zones d’enregistrement adjacen-
tes 'une par rapport a I'autre sur la surface d’en-
registrement (21, 51, 121), lesdites secondes
zones d’enregistrement ayant des informations
de commande de déplacement y étant enregis-
trées,

chacune des premieres zones d’enregistrement (22,
52, 125) correspondant a au moins une sonde (14,
31, 112) du réseau de sonde (11, 30, 111),
leditappareil d’enregistrement/ de reproduction d’in-
formations (10, 100) comprenant en outre :

- un mécanisme de déplacement (12, 130) des-
tiné a déplacer ledit réseau de sonde (11, 30,
111) ou ledit support d’enregistrement (20, 50,
120) en paralléle avec la surface d’enregistre-
ment (21, 51, 121) ; et

- un dispositif de commande a balayage (13, 60,
150) destiné a définir une plage de balayage de
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chacune de la multitude de sondes (14, 31, 112)
et a exécuter une commande a balayage de la
multitude de sondes (14, 31, 112) en coopéra-
tion avec ledit mécanisme de déplacement (12,
130),

la plage de balayage de chacune de la multitude de
sondes (14, 31, 112) est plus grande que la taille
des premiéres zones d’enregistrement (22, 52,125),
de telle sorte que chaque sonde (14, 31, 112) peut
balayer au moins et une premiéere zone d’enregis-
trement des premiéeres zones d’enregistrement (22,
52, 125) et une seconde zone d’enregistrement (53,
126) adjacente a la premiére zone d’enregistrement,
et

la plage de balayage de chacune de la multitude de
sondes (14, 31, 112) est au moins deux fois plus
longue qu’une distance entre deux sondes adjacen-
tes 'une parrapport a l'autre, dans un sens paralléle
a la surface d’enregistrement (21, 51, 121).

Appareil d’enregistrement / de reproduction d’infor-
mations (10) selon la revendication 1, caractérisé
par le fait que ledit dispositif de commande a ba-
layage (13) comprend :

- un premier dispositif de commande (61) des-
tiné a exécuter une commande a balayage de
telle sorte qu’'une premiére sonde (14A) compri-
se dans la multitude de sondes (14) balaye la
premiére zone d’enregistrement (22A) comprise
dans les premiéres zones d’enregistrement
(22) ; et

- un second dispositif de commande (61) destiné
a exécuter une commande a balayage de telle
sorte qu’'une seconde sonde (14A) comprise
dans la multitude de sondes (14) et située ad-
jacente ala premiére sonde (14A) balaye la pre-
miére zone d’enregistrement (22A).

Appareil d’enregistrement / de reproduction d’infor-
mations (10) selon la revendication 2, caractérisé
par le fait que ledit dispositif de commande a ba-
layage (60) comprend :

- un troisiéme dispositif de commande (61) des-
tiné a exécuter une commande a balayage de
telle sorte qu’une sonde comprise dans la mul-
titude de sondes (14, 31) balaye la premiére zo-
ne d’enregistrement (22, 52) ; et

- un quatrieme dispositif de commande (62) des-
tiné a exécuter une commande a balayage de
telle sorte qu’une sonde balaye I'information de
commande de déplacement.

4. Appareil d’enregistrement / de reproduction d’infor-

mations (10) selon la revendication 3, caractérisé
par le fait que ledit appareil d’enregistrement / de
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reproduction d’informations (10) comprend un dis-
positif de commande de vitesse (63) destiné a com-
mander une vitesse de déplacement dudit réseau
de sonde (11, 30) ou dudit support d’enregistrement
(20, 50) en fonction de I'information de commande
de déplacement lue par la commande a balayage
par le quatrieme dispositif de commande (62).

Appareil d’enregistrement / de reproduction d’infor-
mations (10, 100) selon la revendication 1, caracté-
risé par le fait que ledit dispositif de commande a
balayage (13, 60, 150) exécute une commande a
balayage de telle sorte qu’'une sonde comprise dans
la multitude de sondes (14, 31, 112) balaye deux
des premieres zones d’enregistrement (22, 52, 125)
adjacentes I'une par rapport a I'autre, sans période
d’adaptation.

Appareil d’enregistrement / de reproduction d’infor-
mations (10, 100) selon I'une quelconque des reven-
dications 1 a 5, caractérisé par le fait qu’une forme
extérieure de chacune des premiéres zones d’enre-
gistrement (22, 52, 125) est quadrilatérale, et ledit
mécanisme de déplacement (12, 130) déplace ledit
réseau de sonde (11, 30, 111) ou ledit support d’en-
registrement (20, 50, 120) dans deux directions qui
s’entrecroisent substantiellement a angles droits
dans la surface d’enregistrement (21, 51, 121).
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